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DIRECT C-TO-PACKAGE WAFER LEVEL 
PACKAGING WITH INTEGRATED 
THERMAL, HEAT SPREADERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application relates to U.S. Pat. No. 8,617,927, issued 
Dec. 31, 2013, which is incorporated herein by reference as 
though set forth in full. 

STATEMENT REGARDING FEDERAL 
FUNDING 

None 

TECHNICAL FIELD 

This disclosure relates to wafer-level packaging for inte 
grated circuits and methods for making wafer-level pack 
ages for integrated circuits. 

BACKGROUND 

In the prior art, A Margomenos, et al describe in U.S. Pat. 
No. 8,617,927, issued Dec. 31, 2013, a surface mount 
package for GaN devices with embedded heat spreaders. A. 
Margomenos, et all also describe packaging, methods in 
“Novel Packaging, Cooling and Interconnection Method for 
GaN High Performance Power Amplifiers and GaN based 
RF Front-Ends' European Microwave Conference 2012, 
which is incorporated herein by reference. Further, A. Mar 
gomenos, et al describe thermal management for power 
amplifiers in “X-Band Highly Efficient GaN Power Ampli 
fier Utilizing Built-In Electroformed Heat Sinks for 
Advanced Thermal Management. IEEE International 
Microwave Symposium 2013, which is incorporated herein 
by reference. The above A. Margomenos references present 
cooling packaging and interconnection methods for wide 
band gap devices. However, the interconnection methods 
rely on wire bonds or electroplated interconnects to connect 
the microelectronic chips to the packaging. These intercon 
nection methods result in direct current (DC) and radio 
frequency (RF) losses, increased cost, and increased pack 
age volume over what is desirable. Additionally, the micro 
electronic chips, namely, GaN on SiC monolithic microwave 
integrated circuits (MMICs), require additional processing 
steps for packaging compatibility, such as processing steps 
for adding benzocyclobutene (BCB) layers. Such steps add 
high-frequency losses due to increased parasitic capaci 
tances due to the dielectric constant of BCB. There is also 
increased cost due to an approximate 10% increase in 
processing time due to the added processing steps with BCB. 

In addition, the heat spreader fabrication approach 
described by A. Margomenos, et al in “X-Band Highly 
Efficient GaN Power Amplifier Utilizing Built-In Electro 
formed Heat Sinks for Advanced Thermal Management'. 
IEEE International Microwave Symposium 2013 relies on 
sidewall electroplating followed by polishing. This can 
result in voids inside the heat spreaders when fabricating 
very compact packages, especially when the lateral dimen 
sions of the heat spreaders are incrementally larger than the 
lateral dimensions of the chips to be embedded. 

U.S. Published Patent Application 2007/0290326, filed 
Oct. 15, 2006, which is incorporated herein by reference, 
describes multi-dimensional wafer-level integrated antenna 
sensor micro packaging, and U.S. Pat. No. 7,067,397, issued 
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2 
Apr. 13, 2010, which is incorporated herein by reference, 
describes a method of fabricating high yield wafer level 
packages integrating MMIC and MEMS components. 
MMIC packaging using wafer scale assembly is described in 
“MMIC Packaging and Heterogeneous Integration Using 
Wafer-Scale Assembly'. Mantech conference, 2007, which 
is incorporated herein by reference. These references, while 
describing wafer level integration, do not address the inte 
gration of thermal heat spreaders. 

U.S. Pat. No. 8,093,690, issued Jan. 10, 2012, which is 
incorporated herein by reference, is related to chip packag 
ing with conductive interconnects and a shielding layer; 
however, this reference also does not address the integration 
of a heat spreader. 
What is needed is a low-cost and manufacturable wafer 

level packaging technology for low-loss and high-perfor 
mance RF packages that combines advanced microelec 
tronic chips, integrated thermal heat spreaders, hermetically 
sealed cavities, and low-loss through-wafer interconnects. 
The embodiments of the present disclosure answer these and 
other needs. 

SUMMARY 

In a first embodiment disclosed herein, a method for wafer 
level packaging comprises forming one or more die, forming 
a plated metal ring on each die, forming a cover wafer, the 
cover wafer having one or more plated seal rings, forming 
a body wafer, the body wafer having cavities and a metal 
layer on a first side of the body wafer, aligning a respective 
die to the cover wafer so that a plated metal ring on the 
respective die is aligned to a respective plated seal ring on 
the cover wafer, bonding the plated metal ring on the 
respective die to the respective plated Seal ring, aligning the 
body wafer to the cover wafer so that a respective cavity of 
the body wafer surrounds each respective die bonded to the 
cover wafer and so that the metal layer on the body wafer is 
aligned with at least one plated seal ring on the cover wafer, 
and bonding the metal layer on the first side of the body 
wafer to the plated seal ring on the cover wafer, wherein 
each plated metal ring has a first height and each plated seal 
ring has a second height. 

In another embodiment disclosed herein, a wafer level 
package comprises one or more die, a plated metal ring on 
each die, a cover wafer, the cover wafer having one or more 
plated Seal rings, wherein the plated metal ring on a respec 
tive die is bonded to a respective plated seal ring, and a body 
wafer, the body wafer having cavities and a metal layer on 
a first side of the body wafer, wherein the metal layer on the 
first side of the body wafer is bonded to the plated seal ring 
on the cover wafer, and wherein each respective cavity 
Surrounds respective die, wherein each plated metal ring has 
a first height and each plated seal ring has a second height. 

In yet another embodiment disclosed herein, a method for 
wafer level packaging comprises forming an integrated 
circuit wafer having a plurality of circuit regions, forming a 
plurality of plated metal rings, each plated metal ring 
Surrounding a respective circuit regions, forming a cover 
wafer, the cover wafer having one or more plated seal rings 
and one or more cavities, forming a body wafer, the body 
wafer having cavities and a metal layer on a first side of the 
body wafer, aligning the integrated circuit wafer to the cover 
wafer so that a plated metal ring on each respective circuit 
region is aligned to a respective plated seal ring on the cover 
wafer, and so that each circuit region is aligned to a 
respective cavity in the cover wafer, bonding the plurality of 
plated metal rings to the respective aligned plated seal rings 
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using thermocompression bonding, aligning the body wafer 
to the integrated circuit wafer so that each respective cavity 
of the body wafer is aligned with each respective circuit 
region, and bonding the body wafer to the integrated circuit 
wafer using thermocompression bonding, and electroform 
ing a respective heat spreader in each cavity of the body 
wafer, wherein each plated metal ring has a first height and 
each plated seal ring has a second height. 

These and other features and advantages will become 
further apparent from the detailed description and accom 
panying figures that follow. In the figures and description, 
numerals indicate the various features, like numerals refer 
ring to like features throughout both the drawings and the 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic showing a die, which may be a 
MMIC, with a double-plated sealing ring and double-plated 
electrical bumps in accordance with the present disclosure; 

FIG. 2 shows a schematic showing a cross section of a 
cover wafer in accordance with the present disclosure; 

FIG. 3A shows a model, FIG. 3B shows the parameters of 
the model, and FIG. 3C shows the results of a HFSS model 
in accordance with the present disclosure; 

FIG. 4A shows a body wafer, and FIG. 4B shows a cross 
section of FIG. 4A in accordance with the present disclosure; 

FIG. 5 shows a cross-sectional schematic showing a cover 
wafer with bonded integrated circuit (IC) dice in accordance 
with the present disclosure; 

FIG. 6 shows a cross-sectional schematic showing a cover 
wafer with bonded IC dice and sputtered Ti/Au layer stack 
for heat spreader electroforming in accordance with the 
present disclosure; 

FIG. 7A shows a cover wafer bonded to an IC dice and a 
body wafer bonded to the cover wafer, FIG. 7B shows 
half-way through electroform plating of a heat sink, FIG. 7C 
shows after a plating step is completed showing over 
plating, and FIG. 7D shows after chemical-mechanical pla 
narization in accordance with the present disclosure; 

FIG. 8 shows a cross-sectional schematic showing wafer 
level packages for IC dice with integrated heat spreaders 
capped with Au passivation in accordance with the present 
disclosure; 

FIGS. 9A and 9B show diced packages in accordance with 
the present disclosure; and 

FIG. 10 shows a cross-sectional schematic showing 
wafer-level packaging for IC wafers with integrated heat 
spreaders in accordance with the present disclosure. 

DETAILED DESCRIPTION 

In the following description, numerous specific details are 
set forth to clearly describe various specific embodiments 
disclosed herein. One skilled in the art, however, will 
understand that the presently claimed invention may be 
practiced without all of the specific details discussed below. 
In other instances, well known features have not been 
described so as not to obscure the invention. 
The present disclosure describes a method to fabricate a 

wafer-level package for microelectronic circuits having inte 
grated thermal heat spreaders, a hermetic cavity for one or 
more microelectronic chips, and through-wafer electrical 
DC and RF interconnects. Advanced 3-D interconnect 
topologies coupled with advanced integrated thermal man 
agement are enabled with the present disclosure. The present 
disclosure also provides for wafer-level modules that utilize 
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4 
technologies such as multi-chip stacking, interposers, and 
wafer-level packaging of integrated circuit (IC) wafers. In 
particular the present disclosure addresses challenges asso 
ciated with packaging RF microelectronic chips inside a 
hermetically-sealed cavity with integrated thermal heat 
spreaders and direct through-wafer interconnects using sili 
con micromachining and electroplating technologies. 
The present disclosure combines the bonding of known 

good microelectronic chips, such as wide band gap semi 
conductors, such as GaN on SiC., onto a cover wafer with 
pre-fabricated interconnects to interconnects, a hermeti 
cally-sealed cavity for the chips, and integrated thermal heat 
spreaders in direct contact with the backside of the micro 
electronic chips for excellent thermal management. 

In the prior art, as discussed above wafer-level packaging 
has used wire-bonding and electroplated interconnects to 
connect the chips to through-wafer interconnects, and the 
result is a higher interconnect loss of about 0.4 dB per 
interconnect at 20 GHz, than the packaging of the present 
disclosure. In addition, the present disclosure describes a 
shorter and more cost-effective process compared to the 
approximately S1 per wire bond cost for the prior art. In the 
prior art, die packaging usually requires die encapsulation 
using, for example, epoxy or BCB, to protect the dice during 
the packaging process. The present disclosure avoids the 
disadvantages associated with die encapsulation, and only 
requires one additional electroplating step in a standard 
MMIC fabrication sequence. 

In the present disclosure, known good dice 10 are first 
picked from a tested wafer, which may be any IC wafer such 
as GaN-on-SiC, GaAs, InP, CMOS or others known by 
experts in the field. FIG. 1, for example, shows a GaN on 
SiC die 10. The die 10 may be a MMIC and include one or 
more transistors 20 on the substrate 12. The transistor 20 
shown in FIG. 1 is a HEMT 20 having a gate 22, a source 
24, and a drain 26; however, the transistor 20 may be any 
other type of transistor including different types of field 
effect transistors and bipolar transistors. The transistor 20 
may be connected for electrical grounding to backside metal 
14 on the backside of the substrate 12, by a backside via 16 
through the substrate 12. The backside metal 14 may be 
gold. The die 10 may also include one or more circuits on the 
Substrate 12, Such as inductor 40, resistor 42, and capacitor 
44. For wafer-level packaging process compatibility, the die 
10 has a double-plated metal ring 30, 32 on the edge of the 
die 10. Metal ring 30 is plated on top of metal ring 32. Each 
metal ring 30 and 32 may be gold (Au) and each metal ring 
may be 3 to 5 microns thick. Thus, the double-plated metal 
ring 30, 32 may have a total thickness in the range of 6 to 
10 microns, which is high enough to protect air bridge 
interconnects on the die 10. A thin metal layer 33, which 
may be Au, may be deposited by sputtering on the Substrate 
12 to initiate the plating of metal ring 32. 
The die 10 also has double-plated bumps 34, 36. Bump 34 

is plated on top of bump 36. Each bump 34 and 36 may be 
gold (Au) and each bump may be 3 to 5 microns thick. Thus, 
the double-plated bump 34, 36 may have a total thickness in 
the range of 6 to 10 microns. The double-plated bumps 34, 
36 are used for interconnect. 

In the above, double plating is used instead of a single 
plating, because 5 micron thick plating is standard, and 
plating a single layer to be 10 microns thick stresses the 
plating art. However, a single layer metal ring may be used 
and satisfies the needs of the present disclosure if made a 
Sufficient thickness. 

It is important that the thickness of the double-plated 
metal ring 30, 32 and the thickness of the double-plated 
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bumps 34, 36 be uniform or the same across the wafer so that 
thermocompression die-to-package bonding may be per 
formed at a later stage of the die packaging process. 

It is preferable that the double-plated metal ring 30, 32 be 
near a die edge 46, and in a preferred embodiment, the 
distance between the die edge 46 and the double-plated 
metal ring 30, 32 is less than or equal to 50 microns in order 
to maximize the extent of the cavity for circuitry within the 
double-plated metal ring 30, 32. The width 48 of the 
double-plated metal ring 30, 32 can range from 10 to 200 
microns and may be typically 50 microns. The double-plated 
metal ring 30, 32 may be connected for electrical grounding 
to backside metal 14, on the backside of the substrate 12, by 
a backside via 17 through the substrate 12 in order to reduce 
or eliminate parasitic capacitive coupling, which otherwise 
may cause resonance at RF frequencies. 
The double-plated metal ring 30, 32 has two major 

advantages. First, the double-plated metal ring 30, 32, as 
explained further below, enables sealing the die within a 
cavity for hermetically-sealed die packaging, which is desir 
able for high-reliability chip operation. Second the double 
plated metal ring 30, 32 enables microfabrication of inte 
grated thermal heat spreaders, which are critical for thermal 
management. 
The double-plated bumps 34, 36 provide electrical inter 

connects. In addition, the double-plated bumps 34, 36 pro 
vide additional mechanical Support and protection around 
the die. There is a lateral gap 50 between the double-plated 
metal ring 30, 32 and the double-plated bumps 34, 36. It is 
preferable that the lateral gap 50 be at least 100 microns to 
eliminate parasitic capacitive coupling. 

FIG. 2 shows a cover wafer 60 in accordance with the 
present disclosure. The cover wafer 60 may be high-resis 
tivity silicon, quartz, glass, silicon carbide or other materi 
als. The cover wafer 60 contains one or more cavities 61. 
Through wafer electrical interconnects 70 may be included, 
and the interconnects 70 may be copper-filled. The through 
wafer via for the wafer electrical interconnects 70 is coated 
first with one or more diffusion barrier layers, which may be 
Ta, TaN, TiN or SiO, to prevent copper diffusion into the 
cover wafer 60. The through wafer electrical interconnects 
70 may be connected to topside circuitry 72 for radio 
frequency (RF) and direct current (DC) interconnects. The 
topside circuitry may be any combination of active, such as 
transistors, and passive electronic components, such as 
resistors, capacitors or inductors, or may be only an inter 
connect for RF or DC inputs or outputs. On the cover wafer 
60 are bottom side double-plated sealing rings 62, 64 and 
bottom side double-plated bumps 66, 68. The double-plated 
sealing rings 62, 64 and the double-plated bumps 66, 68 are 
critical, not only to package the IC die and enable intercon 
nects and heat spreader integration, but also to mitigate 
effects of potential parasitic capacitive coupling from the 
cover wafer 60 to the IC die 10, therefore enabling high 
performance operation. FIG. 2 shows a cross-sectional sche 
matic of a cover wafer 60 with two cavities 61. 

For high-frequency operation up to Q band, a high 
resistivity silicon cover wafer 60 may be used and have a 
thickness of 150 microns or less. In order to minimize 
dielectric loading of the cover wafer 60 on the die 10, the 
cavities 61 preferably have a depth 74 on the order of 75 
microns. 

FIG. 3A shows a model and FIG. 3B shows the param 
eters of the model for deriving requirements on the cavity in 
the silicon cover wafer. FIG. 3C shows the results of a HFSS 
model where the characteristic impedance of a coplanar 
waveguide (CPW) transmission line was modeled as a 
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6 
function of the air gap between the surface of the CPW and 
a silicon wafer. Although this is a simplified model over an 
IC die, this is representative of the minimum air gap needed 
between the circuitry on the IC die 10 and the cover wafer 
60 to maintain a 50 Ohm characteristic impedance. The 
results are plotted in FIG. 3C, and as indicated above, an air 
gap of 75 microns is required to avoid dielectric loading and 
parasitic capacitive coupling, which would otherwise reduce 
the impedance of the CPW transmission line. 

FIG. 4A shows a body wafer 80, and FIG. 4B shows a 
cross section of FIG. 4A in accordance with the present 
disclosure. The body wafer 80 may be high-resistivity 
silicon, quartz, glass, silicon carbide or other materials. 
Preferably, the body wafer 80 is made of the same material 
as the cover wafer 60, so that the coefficients of temperature 
are matched. The thickness of the body wafer 80 is depen 
dent on the die 10 thickness, which for example may be 50 
to 60 microns. For example, the substrate 12 may be 50 
microns and the height of the double plated rings 30, 32 may 
be 10 microns for a total thickness of 60 microns. The body 
wafer 10 thickness needs to be at least of the same thickness 
as the die 10 thickness, as is evident in FIGS. 7B, 7C, and 
7D, and preferably at least twice as thick as the die 10 
thickness to provide thermal management. Initially, cavities 
86 in the body wafer 10 may be etched using silicon deep 
reactive ion etching. The size of the cavities 86 is dependent 
on the dimension of the die 10, and should be larger than the 
die 10 by at least 5 microns on each edge of the cavity 86, 
and may be 200 microns or larger on each edge. After cavity 
86 etching, the body wafer 80 is oxidized using thermal 
oxidation. The oxide may be SiO, and be approximately 0.5 
micron thick, though it can range from 0.1 to 5 microns. 
Finally, a Ti layer 84 is evaporated on one side of the wafer 
and an Au layer 82 is evaporated on the Ti layer 84. The 
thicknesses of the evaporated layers may be on the order of 
300 A and 10,000 A for the Ti layer 84 and for the Au 82 
layer, respectively. 
The cover wafer, the body wafer, and the die 10 all feature 

alignment marks to maintain alignment accuracy better than 
5 microns for the die 10 to cover wafer 60 bonding and better 
than 10 microns for the cover wafer 60 to body wafer 80 
bonding. 
The next step consists of bonding the die 10 to the cover 

wafer 60 using gold-to-gold thermocompression bonding. 
Temperatures ranging from 200 C to 300C, forces ranging 
from 2 to 10 Kg, and bonding times on the order of 5 
minutes may be used to achieve good electrical and 
mechanical bonds. A high-accuracy die bonder SET FC300 
can be utilized for this step, and it is preferable to perform 
this step under controlled (e.g., inert gas) atmosphere. 

During this step, as shown in FIG. 5, the double-plated 
metal rings 30, 32 and the double-plated sealing rings 62, 64 
are bonded together using thermocompression bonding to 
form hermetically-sealed cavities, while the double-plated 
bumps 34, 36 and double-plated bumps 66, 68 are bonded 
together using thermocompression bonding to form electri 
cal contacts. It is preferable to offset the double-plated 
bumps 66, 68 from the through-cover copper-filled vias, as 
depicted in FIG. 5, so that the double-plated bumps 66, 68 
are at least partially directly on the cover wafer 60. However, 
this is not a requirement, and a configuration where the 
double-plated bumps 66, 68 are aligned with the through 
wafer vias 70 is also feasible, though planarity must be 
carefully controlled. Each die 10 may be sequentially 
bonded using thermocompression. Though it is preferable to 
use thermocompression bonding, other approaches known 
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by experts in the field can also be used such as Solder bumps, 
AuSn bonding, or eutectic bonding. 

Post die bonding, the cover wafer 60 is sputtered with a 
metallic membrane layer 90, which may be a Tilayer on the 
order of 500 A thick and an Aulayer on the Ti layer with a 5 
thicknesses on the order of 3000 A or more. This step, shown 
in FIG. 6, is used to initiate the fabrication of the electro 
formed heat spreaders. 

Then, using wafer-to-wafer bonding, and a bonder tool, 
such as a EVG wafer bonder, the body wafer 80 is aligned 10 
and bonded to the cover wafer 90 by thermocompression 
bonding of the Au in metallic membrane layer 90 to the Au 
82 layer on the body wafer 80, as shown in FIG. 7A. For 
wafer bonding, the process conditions may be 250 C, 3000 
N, and 30 min bond, though this is dependent on the design 15 
density. 
The heat spreaders 100 are then electroformed using the 

body wafer 80, which may be oxidized high-resistivity 
silicon, as a plating mold, as depicted in FIGS. 7B and 7C. 
The topside 102 of the cover wafer 60 is protected during 20 
electroplating to prevent metal deposition on that Surface. 
Unlike sidewall plating, the bottom-up electroplating of the 
yields void-free heat spreaders 100. Materials to form the 
integrated heat spreaders preferably feature high thermal 
conductivity, and a controllable coefficient of thermal expan- 25 
Sion. Examples of Such materials are copper, silver, copper 
alloys, copper-CNT (copper-carbon nanotubes), or other 
materials known by experts in the field. The cavities in the 
body wafer 80 are over-plated by design, as shown in FIG. 
7C. 30 

After electroforming, the body wafer 80 and the heat 
spreaders 100 are polished using chemical mechanical pla 
narization (CMP), which may be copper CMP to achieve 
high planarity, as shown in FIG. 7D. Then, a backing layer 
110 is deposited and patterned on the heat spreaders 100 to as 
prevent oxidation of the heat spreaders 100. The backing 
layer 110 may be formed by sputtering a Tilayer on the heat 
spreaders 100 and sputtering an Au layer on the Ti layer 
using conventional microfabrication techniques, as shown in 
FIG. 8. The Ti layer in this and other steps prevents the Au 
layer from diffusing into the heat spreaders. 

Finally, individual packages 120 are diced using laser 
dicing or mechanical dicing. The dicing as shown in FIG. 9 
is aligned to be approximately midway through portions of 
the body wafer 80 between the cavities 86. The result is 
wafer-level packages 120 for IC dice with integrated heat 45 
spreaders and direct die-to-package through-package inter 
COnnectS. 

In another embodiment, the die 10 on an IC wafer 130 are 
not diced, and the entire IC wafer 130 is directly bonded 
onto the cover wafer 140, followed by integration of the 50 
body wafer 150 and heat spreader 100. FIG. 10 shows the 
wafer-level integration. In contrast to the description above 
where only known good dice are packaged, the wafer-level 
approach relies on wafer stacking. First, an IC wafer 130 is 
bonded to a cover wafer 140 by bonding the double-plated 
metal rings 30, 32 to the double-plated sealing rings 62, 64. 
and by bonding the double-plated bumps 34, 36 to the 
double-plated bumps 66, 68 using bonding wafer technolo 
gies. The result is that regions on the IC wafer 130 with 
circuitry are sealed within a hermetic cavity. Then, the body 
wafer 150 is bonded using wafer bonding technologies to the 
back of the IC wafer 130. Next, the heat spreaders 100 are 
electroformed in the cavities of the body wafer 150, which 
are aligned with regions on the IC wafer 130 that have 
circuitry. Then, the heat spreaders 100 are planarized using 
CMP, similar to the processes described above. Then, a 65 
backing layer 110 is deposited and patterned on the heat 
spreaders 100 to prevent oxidation of the heat spreaders 100. 

40 
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Tests on the present disclosure have been performed. The 

tests show that the integrated heat spreaders result in an 
integrated chip performance enhancement up to 40% com 
pared to integrated chips conventionally mounted on heat 
spreaders. This has been demonstrated by comparing the 
operating power for a given junction temperature, and a 
junction temperature for a given operating power. The 
double-plated sealing rings on dice and cover wafers were 
shown to provide hermetically-sealed packages. This has 
been demonstrated by Submitting these chips to a hermetic 
seal test (MIL-STD-883, Method 1014) at ORS labs. 

Further, inspection indicated that no copper was plated 
inside the sealed cavities while electroforming the heat 
spreaders on the backside of the dice. 
A low loss of less than 0.1 dB at 20 GHz was demon 

strated for the bump process when doing Au—Authermo 
compression bonding using CPW test structures going from 
the cover wafer to the die and back to the cover wafer. 
The integrated heat spreaders were shown by X-ray 

imaging to be Void-free for bottom-up copper plating using 
a high-resistivity silicon wafer as a plating mold. 

Having now described the invention in accordance with 
the requirements of the patent statutes, those skilled in this 
art will understand how to make changes and modifications 
to the present invention to meet their specific requirements 
or conditions. Such changes and modifications may be made 
without departing from the scope and spirit of the invention 
as disclosed herein. 
The foregoing Detailed Description of exemplary and 

preferred embodiments is presented for purposes of illus 
tration and disclosure in accordance with the requirements 
of the law. It is not intended to be exhaustive nor to limit the 
invention to the precise form(s) described, but only to enable 
others skilled in the art to understand how the invention may 
be Suited for a particular use or implementation. The pos 
sibility of modifications and variations will be apparent to 
practitioners skilled in the art. No limitation is intended by 
the description of exemplary embodiments which may have 
included tolerances, feature dimensions, specific operating 
conditions, engineering specifications, or the like, and which 
may vary between implementations or with changes to the 
state of the art, and no limitation should be implied there 
from. Applicant has made this disclosure with respect to the 
current state of the art, but also contemplates advancements 
and that adaptations in the future may take into consider 
ation of those advancements, namely in accordance with the 
then current state of the art. It is intended that the scope of 
the invention be defined by the Claims as written and 
equivalents as applicable. Reference to a claim element in 
the singular is not intended to mean "one and only one' 
unless explicitly so stated. Moreover, no element, compo 
nent, nor method or process step in this disclosure is 
intended to be dedicated to the public regardless of whether 
the element, component, or step is explicitly recited in the 
Claims. No claim element herein is to be construed under the 
provisions of 35 U.S.C. Sec. 112, sixth paragraph, unless the 
element is expressly recited using the phrase “means 
for . . . . and no method or process step herein is to be 
construed under those provisions unless the step, or steps, 
are expressly recited using the phrase “comprising the 
step(s) of . . . .” 

What is claimed is: 
1. A method for wafer level packaging comprising: 
forming one or more die; 
forming a plated metal ring on each die; 
forming a cover wafer, the cover wafer having one or 
more plated seal rings; 

forming a body wafer, the body wafer having cavities and 
a metal layer on a first side of the body wafer; 
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aligning a respective die to the cover wafer so that a plated 
metal ring on the respective die is aligned to a respec 
tive plated seal ring on the cover wafer; 

bonding the plated metal ring on the respective die to the 
respective plated seal ring; 5 

aligning the body wafer to the cover wafer so that a 
respective cavity of the body wafer surrounds each 
respective die bonded to the cover wafer and so that the 
metal layer on the body wafer is aligned with at least 
one plated seal ring on the cover wafer, and 10 

bonding the metal layer on the first side of the body wafer 
to the plated seal ring on the cover wafer; 

wherein each plated metal ring has a first height and each 
plated seal ring has a second height. 

2. The method of claim 1 further comprising: 15 
electroforming a respective heat spreader Surrounding 

each respective die using the body wafer as a plating 
mold; 

polishing the heat spreaders using chemical mechanical 
planarization; and 2O 

forming a backing layer on the heat spreaders to prevent 
oxidation of the heat spreaders. 

3. The method of claim 2 further comprising: 
dicing to form individual packages for integrated circuit 

dice. 25 

4. The method of claim 1 wherein forming one or more 
die, each die comprising a plated metal ring comprises: 

providing a Substrate; 
forming circuitry on the Substrate; 
forming the plated metal ring on the Substrate, wherein the 30 

plated metal ring Surrounds the circuitry and wherein 
the plated metal ring has a first height above the 
Substrate; and 

forming an interconnect bump on the Substrate, wherein 
the interconnect bump is coupled to the circuitry and 35 
has the first height above the substrate. 

5. The method of claim 1 whereinforming a cover wafer, 
the cover wafer having one or more plated seal rings 
comprises: 

providing the cover wafer, 40 
providing one or more cavities in the cover wafer on a first 

side of the cover wafer, wherein the cavities in the 
cover wafer do not extend through the cover wafer; 

forming one of more plated seal rings on the first side of 
the cover wafer, wherein each plated seal ring Sur- 45 
rounds a cavity in the cover wafer, and where each 
plated seal ring has a second height above the cover 
wafer; and 

forming a plated cover wafer interconnect bump on the 
first side of the cover wafer, wherein each plated cover 50 
wafer interconnect bump has the second height above 
the cover wafer, and a wherein each plated cover wafer 
interconnect bump is electrically coupled to circuitry 
on a second side of the cover wafer. 

6. The method of claim 1 whereinforming the body wafer, 55 
the body wafer having cavities and the metal layer on the 
first side of the body wafer comprises: 

providing the body wafer; 
providing one or more cavities in the body wafer, wherein 

the cavities in the body wafer extend through the body 60 
wafer; and 

forming the metal layer on the first side of the body wafer. 
7. The method of claim 1 wherein: 
the substrate comprises GaN-on-SiC, GaAs, InP, or 
CMOS: 65 

the cover wafer comprises high-resistivity silicon, quartz, 
glass, or silicon carbide; and 

10 
the body wafer comprises high-resistivity silicon, quartz, 

glass, or silicon carbide; 
wherein the cover wafer and the body wafer comprise the 

same material. 
8. The method of claim 1: 
wherein bonding the plated metal ring on the respective 

die to the respective plated Seal ring comprises ther 
mocompression bonding; and 

wherein bonding the metal layer on the first side of the 
body wafer to the plated seal ring on the cover wafer 
comprises thermocompression bonding. 

9. The method of claim 1 wherein: 
the plated metal ring comprises gold and the plated metal 

ring comprises a first plated metal ring formed on the 
Substrate and a second plated metal ring formed on the 
first plated metal ring; and 

each plated seal ring comprises gold and the plated Seal 
ring each comprise a first plated Seal ring formed on the 
cover wafer and a second plated Seal ring formed on the 
first plated seal ring. 

10. The method of claim 1 further comprising: 
forming at least one interconnect bump on at least one die, 

wherein the interconnect bump is coupled to circuitry 
on the die and has the first height; 

forming at least one plated cover wafer interconnect bump 
on a first side of the cover wafer, wherein each plated 
cover wafer interconnect bump has the second height; 

aligning the at least one interconnect bump to the at least 
one plated cover wafer interconnect bump; and 

bonding the at least one interconnect bump to the at least 
one plated cover wafer interconnect bump using ther 
mocompression bonding. 

11. The method of claim 10 further comprising: 
forming in the cover wafer an electrical connection from 

the plated cover wafer interconnect bump to circuitry 
on a second side of the cover wafer. 

12. A wafer level package comprising: 
one or more die; 
a plated metal ring on each die; 
a cover wafer, the cover wafer having one or more plated 

seal rings, wherein the plated metal ring on a respective 
die is bonded to a respective plated seal ring; and 

a body wafer, the body wafer having cavities and a metal 
layer on a first side of the body wafer, wherein the 
metal layer on the first side of the body wafer is bonded 
to the plated seal ring on the cover wafer, and wherein 
each respective cavity Surrounds respective die; 

wherein each plated metal ring has a first height and each 
plated seal ring has a second height. 

13. The wafer level package of claim 12 further compris 
1ng: 

a heat spreader electroformed on a backside of each die 
and within the cavity Surrounding the die; and 

a backing layer on the heat spreader to prevent oxidation 
of the heat spreader. 

14. The wafer level package of claim 12 wherein at least 
one die comprises: 

a Substrate; 
circuitry on the substrate; 
the plated metal ring on the substrate, wherein the plated 

metal ring Surrounds the circuitry and wherein the 
plated metal ring has a first height above the Substrate; 
and 

an interconnect bump on the Substrate, wherein the inter 
connect bump is coupled to the circuitry and has the 
first height above the substrate. 
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15. The wafer level package of claim 12 wherein the cover 
wafer comprises: 

one or more cavities in the cover wafer on a first side of 
the cover wafer, wherein the cavities in the cover wafer 
do not extend through the cover wafer; 

one or more plated seal rings on the first side of the cover 
wafer, wherein each plated seal ring surrounds a cavity 
in the cover wafer, and where each plated seal ring has 
a second height above the cover wafer; and 

one or more plated cover wafer interconnect bumps on the 
first side of the cover wafer, wherein each plated cover 
wafer interconnect bump has the second height above 
the cover wafer, and a wherein each plated cover wafer 
interconnect bump is electrically coupled to circuitry 
on a second side of the cover wafer. 

16. The wafer level package of claim 12 wherein the body 
wafer comprises: 

one or more cavities in the body wafer, wherein the 
cavities in the body wafer extend through the body 
wafer. 

17. The wafer level package of claim 12 wherein: 
the die comprises GaN-on-SiC. GaAs, InP, or CMOS: 
the cover wafer comprises high-resistivity silicon, quartz, 

glass, or silicon carbide: 
the body wafer comprises high-resistivity silicon, quartz, 

glass, or silicon carbide; and 
the cover wafer and the body wafer comprise the same 

material. 
18. The wafer level package of claim 12 wherein: 
the plated metal ring comprises gold and the plated metal 

ring comprises a first plated metal ring formed on the 
Substrate and a second plated metal ring formed on the 
first plated metal ring; and 

each plated seal ring comprises gold and the plated seal 
ring each comprise a first plated seal ring formed on the 
cover wafer and a second plated seal ring formed on the 
first plated seal ring. 

19. The wafer level package of claim 12 further compris 
1ng: 
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12 
at least one interconnect bump on at least one die, wherein 

the interconnect bump is coupled to circuitry on the die 
and has the first height; 

at least one plated cover wafer interconnect bump on a 
first side of the cover wafer, wherein each plated cover 
wafer interconnect bump has the second height; 

wherein the at least one interconnect bump is bonded to 
the at least one plated cover wafer interconnect bump; 
and 

wherein the cover wafer comprises an electrical connec 
tion from the plated cover wafer interconnect bump to 
circuitry on a second side of the cover wafer. 

20. A method for wafer level packaging comprising: 
forming an integrated circuit wafer having a plurality of 

circuit regions; 
forming a plurality of plated metal rings, each plated 

metal ring surrounding a respective circuit regions; 
forming a cover wafer, the cover wafer having one or 
more plated seal rings and one or more cavities; 

forming a body wafer, the body wafer having cavities and 
a metal layer on a first side of the body wafer; 

aligning the integrated circuit wafer to the cover wafer so 
that a plated metal ring on each respective circuit 
region is aligned to a respective plated seal ring on the 
cover wafer, and so that each circuit region is aligned 
to a respective cavity in the cover wafer; 

bonding the plurality of plated metal rings to the respec 
tive aligned plated seal rings using thermocompression 
bonding: 

aligning the body wafer to the integrated circuit wafer so 
that each respective cavity of the body wafer is aligned 
with each respective circuit region; and 

bonding the body wafer to the integrated circuit wafer 
using thermocompression bonding; and 

electroforming a respective heat spreader in each cavity of 
the body wafer; 

wherein each plated metal ring has a first height and each 
plated seal ring has a second height. 
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